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1. 

An optical fabrication method characterized by a photohardenable fluid 
medium contained in a container hardened by light with said fluid medium 
irradiated by light, the positions irradiated by said light moving relative to said 
container in the horizontal and vertical directions in correspondence to a target 
fabrication shape when forming a solid body into a desired shape wherein a 
reinforcing shape retention member is either attached to positions where there is 
a possibility that deformation may occur on the fabricated article or 
simultaneously hardened and formed extending from said positions on the 
fabricated article to other positions in order to prevent deformation of the solid 
portions during the formation process while forming a solid body after which said 
shape retention member is removed as necessary. 

Detailed Description of the Invention 



Industrial Field of the Invention 



The present invention is related to an optical fabrication method that uses 
light and a photohardenable fluid medium to form a solid body into a desired 
shape. 

Prior Art and Problems 

Conventionally, the manufacture of models which correspond to a product 
shape required during the production of a mold or, the manufacture of models 
used for profiling control of machining processes or, the manufacture of models 
used for profiling discharge process electrodes were carried out by manual 
processes or by means of an NC machining process using an NC milling 
machine. However, the manual processes required a great deal of time and 
training and the NC machining process required complicated machining 
programs to be written taking into consideration replacement and wear due to 
cutting edge shape alterations of the blade. In addition, there was a problem 
wherein another finish process was required to remove the steps generated on 
the machining surface. 

The inventors propose the optical fabrication methods described as 
follows as a means to solve these problems (KOKAI S60-24715, KOKAI S62- 
101408). 

The first embodiments of these methods are embodiments wherein a solid 
body is formed into a desired shape by means of containing a photohardenable 
fluid medium in a container, determining a depth that allows the hardened 
portion to reach uninterrupted to the upper/lower surfaces of the fluid medium by 
means of light irradiation from above said container, selectively irradiating light 
from above said fluid medium through a light converging device (such as a 
convex lens) and then forming a hardened portion that reaches uninterrupted to 
the upper/lower surfaces of the fluid medium. Photohardenable fluid medium is 
further added onto said hardened portion in order to obtain a depth equivalent to 
the above-mentioned depth. Then, selective irradiation is carried out from said 
fluid medium forming a hardened portion continuously extending upward from 
the above-mentioned hardened portion. The above-mentioned solid body is 
formed by means of repeatedly adding photohardenable fluid medium, adding 
hardened medium and then forming a hardened portion. 
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As shown in Fig. 9, adding the above-mentioned photohardenable fluid 
medium can be done by means of lowering base plate 52 supported on support 
column 51 within the fluid medium A and as shown in Fig. 10, can be done by 
means of raising fluid-tight box-shaped closed-end body 61 provided with a 
bottom wall 62 permeable to light within the fluid medium A. Hardened portion a 
shown in Fig. 9 and hardened portion b shown in Fig. 10 are both repeatedly 
hardened in steps and are members in the process of forming the above- 
mentioned solid body into a desired shape. A problem in this solid body 
formation process wherein various deformations would occur is described below. 



Normally, photohardenable fluid medium A has shrinkage characteristics 
during the hardening and by means of repeatedly hardening in steps, differences 
in the amount of shrinkage between the hardened portions accumulates. 
Therefore, there was a problem in which differences in the amount of shrinkage 
on the end portion of tongue piece a' would cause deformation to occur when 
forming tongue piece a' on hardened portion a in the fluid medium adding 
method shown in Fig. 9. 

In contrast, in the fluid medium adding method shown in Fig. 10, closed- 
end body 61 is raised one time higher than the depth the above-mentioned 
continuous hardened portion can obtain, the adhesion between bottom wall 62 
and hardened portion b removed, and then closed-end body 61 is lowered and 
the distance between the lower surface of bottom wall 62 and the upper surface 
of hardened portion b is made a distance equivalent to the above-mentioned 
depth. However, there was a problem in which tongue piece b' moved together 
with closed-end body bottom wall 62 causing plastic deformation. 

Furthermore, there was a problem wherein in order to obtain solid body 41 
with the shape as shown in Fig. 1 1a in which each bottom surface of two 
truncated quadrilateral pyramids are joined, the shape would become solid body 
42 as shown in Fig. 1 1b whose four side walls had a flexing deformation caused 
by differences in the amount of shrinkage when forming the solid body. Even 
further, when forming solid body 43 with a shape in which a square covering 
shown in Fig. 12a projects outward, the peripheral frame of covering portion 44' 
would become solid body 44 warped upward. 

Other embodiments of the above-mentioned optical fabrication method 
include a fabrication method wherein a container that contains fluid medium A 
and a light guide member that guides light generated from a light source within 
fluid medium A of said container are moved relative to each other forming a solid 
body into a desired shape as well as another fabrication method wherein light 
generated from two light sources are converged into point shapes, each position 
where light energy converges intersects each other within fluid medium A, the 
intersecting portions are moved forming the above-mentioned solid body. These 
methods however, had a problem in which deformation occurred in like manner 
to Fig. 9, Fig.11b and Fig. 12b. 

The object of the present invention is to provide an optical fabrication 
method that solves the above-mentioned problems and can prevent deformation 
form occurring when forming a hardened portion using light irradiation. 

Methods to Solve the Problems 

The object of the present invention mentioned above is achieved by 
means of an optical fabrication method characterized by a photohardenable fluid 
medium contained in a container hardened by light with this fluid medium 
irradiated by light. Then, the positions irradiated by this light move relative to the 
container in the horizontal and vertical directions in correspondence to a target 



fabrication shape when forming a solid body into a desired shape. Furthermore, 
a reinforcing shape retention member is either attached to positions where there 
is a possibility that deformation may occur on the fabricated article or 
simultaneously hardened and formed extending from these positions on the 
fabricated article to other positions in order to prevent deformation of the solid 
portions during the formation process while forming a solid body after which the 
shape retention member is removed as necessary. 

Various mediums which are hardened by means of light irradiation can be 
used for the photohardenable fluid medium. For example, denatured 
polyurethane methacrylate, oligo ester acrylate, urethane acrylate, epoxy 
acrylate, photosensitive polyimide and amino alkyd can be used. 

A reforming material such as pigment, ceramic powder or metallic powder 
already mixed can also be used for the photohardenable fluid medium. 

Various types of light can be used such as visible light or ultraviolet light 
which are suitable for the photohardenable medium that will be utilized. 
Although this light can be ordinary light, using laser light has the benefits of 
increasing the energy level thereby reducing the fabrication time and using 
favorable convergence characteristics, the fabrication precision can be improved. 

Working Example 

In the following a working example of the present invention . will be 
described referring to the attached drawings. 

Fig. 1 shows solid body 1 with ah open-ended L shape seen from the 
side. This shape is the objective shape. Related to the fabrication method of 
this solid body 1, Fig. 3 shows a method (method shown in Fig. 9) that uses 
support column 51 and base plate 52 and Fig. 4 shows one mode when applying 
the present invention to a method (method shown in Fig. 10) that uses box- 
shaped closed-end body 61. 
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At first, the method of the present invention shown in Fig. 3 will be 
described. Initially, as described above, base member 2 of solid body 1 forms on 
base plate 52 by lowering base plate 52 into photohardenable fluid medium A 
and by hardening and forming a portion based on selective irradiation through 
light converging device 6. After forming base member 2, side wall 3 forms 
extending upward from one edge of base member 2 and then upper wall 4 forms 
on side wall 3. Thin tongue piece 4' is formed corresponding to the lower edge 
of upper wall 4 in a process that gradually carries out the hardening and forming 
process. As shown in Fig. 9, thin tongue piece 4' deforms the easiest during the 
gradual hardening and forming process of solid body 1 . Therefore, reinforcing 
shape retention member 5 is disposed extending across tongue piece 4' (which 
has a possibility of deforming) and the portion close to the other edge of base 
member 2 when forming the solid body into a related shape. After 



simultaneously forming retention member 5 with the hardening and forming of 
side wall 3 and then forming side wall 3 and shape retention member 5, upper 
side portion 4 hardens and forms connected to the upper edges of side wall 3 
and shape retention member 5. Because of this, tongue piece 4' is reinforced 
and supported by shape retention member 5 that extends to base member 2 
while forming tongue piece 4' and since this prevents tongue piece 4' from 
deforming, upper side portion 4 can be formed without deformation. By means 
of removing shape retention member 5 using an appropriate cut from solid body 
7 (see Fig. 2) formed in this manner, solid body 1 can be obtained with a desired 
shape without deformation. 

Moreover, it is preferable to implement the following operation in practice 
when adding fluid medium A onto the hardened portion after forming the 
hardened portion based on one light irradiation. As shown in Fig. 7a, when base 
plate 52 is lowered onto the hardened portion to only a depth the hardened 
portion can reach uninterrupted and fluid medium A is allowed to flow onto the 
hardened portion, the distance the base plate 52 lowers is very small. Because 
of this, as shown in Fig. 7b, the surface tension of fluid medium A does not allow 
fluid medium A to flow onto the hardened portion which always results in an 
unreliable adding process and even further, makes it necessary to introduce fluid 
medium A onto the hardened portion manually requiring even more time. In 
contrast to this, as shown in Fig. 8, if base plate 52 is lowered lower than the 
above-mentioned depth and fluid medium A is allowed to flow onto the hardened 
portion and thereafter base plate 52 is lowered making the distance between the 
top surface of fluid medium A and the top surface of the hardened portion a 
distance equivalent to the above-mentioned depth, the adding process of fluid 
medium A can be done reliably without the need for manual introduction of fluid 
medium. 

Next, the method of the present invention shown in Fig. 4 will be 
described. As shown in Fig. 10, the solid body is formed into a desired shape in 
this method by means of repeatedly forming the. hardened portion based on 
raising box-shaped closed-end body 61 within fluid medium A and selective 
irradiation that passes through bottom wall 62. In like manner to Fig, 3, this 
method is also a method wherein solid body 1 is obtained without the above- 
mentioned deformation by means of forming base member 2 and hardening and 
forming side wall 3 while simultaneously hardening and forming shape retention 
member 5 extending across tongue piece 4' (which has a possibility of 
deforming) from base member 2 and then further forming upper wall 4 on side 
wall 3 and shape retention member 5 to obtain solid body 7 with a shape 
retention member attached after which shape retention member 5 is removed 
from solid body 7. According to this method as well, tongue piece 4' (which has 
a possibility of deforming) is reinforced and supported by shape retention 
member 5 thereby making it possible to obtain solid body 1 with a desired shape 
without deformation. 



Next, forming solid 41 shown in Fig. 11a will be described. When 
acquiring the external shape of solid body 41 based on the optical fabrication 
method shown in Fig. 3 and Fig. 4, if the opposing side wall 31 continues to form 
simultaneously with reinforcing shape retention member 32 connected vertically 
while side wall 31 hardens and forms as shown in Fig. 5, side wall 31, which is 
easily flexed, will continue to be mutually supported by shape retention member 
32. This makes it possible to prevent the above-mentioned flexing deformation 
and obtain solid body 33 with a shape retention member 32 attached having a 
stable external shape. Further, when obtaining solid body 43 with a shape in 
which a square covering shown in Fig. 12a projects outward, at first, during the 
hardening and forming of lower cylindrical body 35, reinforcing shape retention 
member 38 hardens and forms connecting to peripheral frame 37' (which has a 
possibility of deforming) of covering portion 37 extending upward from shape 
retention base member 36 that projects outward from the lower edge of lower 
cylindrical body 35 and from the peripheral frame of base member 36 as shown 
in Fig. 6a and Fig. 6b. Thereafter, covering portion 37 forms. Because of this, 
peripheral frame 37' (which has a possibility of deforming) is reinforced and 
supported on shape retention member 38 extending from shape retention base 
member 36 and deformation of peripheral frame 37" is prevented as shown in 
Fig. 12b. This makes it possible to obtain solid body 39 shown in Fig. 6a and 
Fig. 6b. Removing shape retention member 38 and shape retention base 
member 36 after obtaining solid body 39 makes it possible to obtain solid body 
43 with a desired shape. 
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Furthermore, as described above, the method of the present invention is 
characterized by a reinforcing shape retention member being either attached to 
positions where there is a possibility that deformation may occur or 
simultaneously being hardened and formed extending from these positions to 
other positions while forming a solid body with a desired shape. Insofar as these 
characteristics are provided, this method is applied to various fabrication 
methods based on light irradiation. Therefore, methods other than the 
fabrication method based on light irradiation stated in the above-mentioned 
working example can be applied to various methods. For example, a method 
that raises in slight increments the upper surface of a photohardenable fluid 
medium contained in a container and forms a solid body utilizing light irradiated 
from above. In this method, one portion of the side wall or bottom wall of the 
container is a transparent plate and the base surface for supporting the 
hardened surface is disposed facing towards the transparent plate. The solid 
body forms on the base surface based on light irradiated through the transparent 
plate while the base surface moves away from the transparent plate. Moreover, 
the light irradiation in these methods can utilize, for example, light irradiation 
using a semiconductor, light irradiation that intersects light generated from a 
plurality of light sources at one point, or irradiation of light that exhibits a circular 
light quantity distribution of the portion with a large light intensity positioned at 



the cross section perpendicular to the optical axis. When using the above- 
mentioned light guide member, there is a benefit if the tip of the member is a 
hemispherical shape wherein light will be made to converge in a way that 
concentrates the light energy at a point allowing the light to irradiate. Even 
further, if light irradiation is used that causes the above-mentioned plurality of 
light sources to intersect, the light energy at positions where the light intersects 
can be made to increase in a non-linear manner making it possible to quickly 
form a solid body with a desired shape. If irradiation is carried out using light 
having a circular light quantity distribution as described above, a solid body with 
a comparatively wide band can be formed with dimensions of high accuracy on 
one scan of the irradiated light. This method efficiently forms a solid body with a 
desired shape. 

Effects of the Invention 

As made clear in the aforementioned description, according to the method 
of the present invention, positions where light energy concentrates and irradiates 
are moved relative to a photohardenable fluid medium forming a solid body into a 
desired shape. In the above-mentioned formation process, the solid body forms 
while a reinforcing shape retention member is either attached to positions where 
there is a possibility that deformation may occur on the fabricated article or 
simultaneously hardened and formed extending from said positions on the 
fabricated article to other positions. After the solid body forms, the shape 
retention member is removed as necessary. Therefore, it is possible to provide 
an optical fabrication method that can reliably prevent deformation from 
occurring during formation of the portion hardened by light irradiation based on 
said shape retention member. 

Brief Explanation of the Drawings 

Fig. 1 is a perspective view showing one example of a solid body formed based 
on the method of the present invention, 

Fig. 2 is a perspective view showing one example of a solid body with a shape 
retention member attached, 

Fig. 3 is an explanatory drawing schematically showing one working example of 
the present invention, 

Fig. 4 is an explanatory drawing schematically showing another working example 
of the present invention, 

Fig. 5 is a perspective view showing a solid body with a shape retention member 
attached obtained based on the method of the present invention, 

Fig. 6a is a perspective view showing a solid body with a shape retention base 
member and a shape retention member attached obtained based on the method 
of the present invention, 
Fig. 6b is a cross sectional view of Fig. 6a, 



Fig. 7a and 7b are explanatory drawings showing a state in which conventional 
photohardenable fluid medium is added using a support column and a base 
plate, 

Fig. 8 is an explanatory drawing showing a method that reliaoly allows the fluid 
medium to be added, 

Fig. 9 is an explanatory drawing schematically showing one example of a 
conventional optical fabrication method, 

Fig. 10 is an explanatory drawing schematically showing another example of a 
conventional optical fabrication method, 

Fig. 1 1a is a perspective view showing a solid body obtained based on a 
conventional method, 

Fig. 1 1b is a perspective view showing a solid body formed based on a 
conventional method, 

Fig. 12a is a perspective view showing another solid body obtained based on a 
conventional method, 

Fig. 12b is a longitudinal sectional side view showing a solid body formed based 
on a conventional method. 

Explanation of Symbols 

1 Solid body with desired shape 

4' Upper piece lower portion (tongue piece) 

5, 32, 38 Shape retention member 

6 Light converging device 

A Photohardenable fluid medium 
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